There has been increasing use of atmospheric plasma for surface treatment and medical applications because the production of atmospheric pressure plasma at low temperatures -from room temperature to around 100°C -has been feasible for a number of years. Processing of materials that are sensitive to temperature, such as living bodies and polymer materials is not easy. In addition, most kinds of plasma processing are chemical reactions with radicals or high reactive species, so that there are suitable temperatures for each process. In this study, to generate plasmas at optimum temperature for each process, a new plasma source in which the plasma gas temperature can be accurately controllable have been developed. In this plasma source, gas supplied from a cylinder is cooled by a gas-cooling device with liquid nitrogen (-196°C). Then the gas is heated to a desired temperature by a heater, and then plasma is generated.
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The helium plasma gas flow rate was 10 slm, ring-shaped copper electrodes spaced 10 mm apart were provided at the periphery of a glass tube with 3 mm i.d. and 5 mm o.d., 9 Kv electric power at 16 kHz was applied. And thus a plasma bullet was generated. Without the heating, the plasma gas temperature was -54°C. When a water droplet was irradiated with this plasma, it was frozen in 10 seconds. As the input power of the heater was raised, the plasma gas temperature was increased linearly to 160°C at 60 W. Thus, with this plasma source, using feedback of the temperature to input power to the heater, control of the plasma gas temperature over a range from -54°C to 160°C with a standard deviation of ±0.8°C was realized.
To measure the plasma characteristics, the helium excitation temperature was measured using Boltzmann's plot using helium emission at 402.62 nm, 492.19 nm, 501.57 nm and 587.56 nm. The excitation temperature was from 3,300°C to 4,400°C and it was much higher than the gas temperature. As the plasma gas temperature rose, the electron number density decreased. Then irradiation effect on metal surface, polymer surface and living cells by varying the plasma gas temperature were investigated. The details of the plasma source and the results of these experiments will be presented. ________________________________ * Work supported by JST A-STEP
